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PREFACE 


Cver 700,000 tons of manganese a year is needed by the United States 
steel industry. Unfortunately, about 90 percent of this manganese is pro- 
duced from cres imported from distant countries, such as India, Union of 
S-uth Africa, Gold Coast, French Morocco, and Brazil, There are only small 
domestic deposits of high-grade manganese ore or ore that can be treated by 
mechanical beneficiation to yield a material suitable for the production of 
standard ferromanganese. Consequently, imports of manganese ore insufficient 
to meet the needs of the steel industry will necessitate producti of @ 
suitable grade of ferromanganese from domestic manganiferous iron ores or 
stecl-plant slags, 


When such ores or slags are smelted, the resulting metal, usually de- 
Signated as spiegeleisen, contains approximately 20 percent manganese, a 
much lower manganese content than standard 80-percent ferromanganese, The 
spiegeleisen often has too high @ phosphorus content for use as an alloying 
or deoxidizing agent in steel production. Consequently, it is necessary to 
find a process for separating the manganese contained in domestic resources 
from excessive amounts of iron and phosphorus, 


Methods for selective oxidation and selective reduction3/ as means for 
recovering manganese from low-grade manganese-bearing materials were inves- 
tigated by the Bureau of Mines during and immediately following World War 1.6-8/ 


Germany experienced a shortage of manganese ores during World War II 
Similar to that which now exists in the United States, A large amount of 
experimental research and large-scale operations were carried out to pro- 
duce a synthetic manganese ore by selective oxidation of manganese from 
splegeleisen in converters lined with basic refractories, An excellent 
review of the work done in Germany is contained in the article of Theodore 
Kootz and Jacob Willems from which this report was translated, 


5/ Weld, C. M. and Others, Manganese: Uses, Preparaticn, Mining Costs, and 
the Manufacture of Ferro-Alloys, Bureau of Mines, Bulletin 173, 1930, 
209 PPe, 13 figs. 

6/ Joseph, T. L., Royster, P. H., and Kinney, S. P., Utilization of Manga- 
niferous Iron Ores: Bureau of Mines Tech. Paper 393, 1926, 28 pp. 

1/ Joseph, T. L., Wocd, C. #, and Barrett, E. P., The Production of High- 
Manganese Slag in the Electric Furnace: Bureau of Mines Rept. of 
Investigations 3080, 1930, 9 pp. 

8/ Herty, C. H., Jr., Conley, J. E., and Royer, M. B., A Study of High- 
Manganese Slags in Relation to the Treatment of Low-Grade Mangan- 
iferous Ores: Bureau of Mines Tech. Paper 523, 1932, 36 pp. 
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The Bureau of Mines is now engaged in extensive Work on recovery of 
manganese from open-hearth slags in cooperation with the American Iron and 
Steel Institute. A major phase of this work is concemed with selective 
oxidation of manganese from splegeleisen in basic converters. It is be- 
lieved that this transintion will aid those interested tn the commercial 
applicatian of the process to evaluate the merits of the methods as prac- 
ticed in Germany, as well as new developments resulting from the work of 
the Bureau of Mines, 
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INTRODUCTION 

Manufacture .f high-grade ferromanganese, as a rule, requires a low- 
phosphorus manganese ore with 45 to 55 percent Mn, chief ly obtained in the 
Soviet Union, the British Dominions, and Brazil. "Also , low-manganese ores 
have already been used for ferromanganese producticn, especially in North 
America and Germany. During World War I, a process was developed in which 
a high-phcsphorus ferromanganese or spiegeleisen was prepared in the blast 
furnace from low- or high-phosphorus manganiferous ores, then low-phosphorus 
manganese slag was prepared by refining under an acid slag, and this material 
was worked intc a low-phosphorus ferromanganese in the blast furnace 2 


Manufacture of useful manganese ores from a phosphorus-beering spiegel 
with le to 15 percent Mn, 4.5 percent C, and 0.5 percent.P by slagging in a 
refining furnace was reported by Joue ph, Barrett, and Wood, 20/ The spiegel 
was refined to 0.75 percent Mn, 3.4 percent C, and 0.45 percent P, Thereby, 
a slag with about 43 to 56 percent Mn and about 10 percent 5i0> was obtained. 
Hotter melts gave a smaller phosphorus content in the slag than cold melts, 
In addition, the phosphorus content of the slag varied with the mangancse 
content of the intermediate metal. . | 


Blowing of low-phosphorus spiegel in the converter was repcrted in @ 
session of the Steel Works Committee of the Association of German Stcel 
Producers ty H. Bansen and J. Wittig on January 19, 1937.1 aJ1/ A spiegel 
with 12 to <O percent Mn was refined to between 0.25 to 0.80 percent Mn, 
producing a slag with 15 to 22.5 percent Fe, 24.1 to 31.1 percent Mn, 

8.4 to 12.8 percent Si05, and 16 to 26.4 percent CaO. Scrap and Limestone 
were used as coolants, Since these workers used a fluid slag Regu shang 
high temperatures, evaporation losses were 30 percent. 


In the same session, E. Herzcg reported on experiments at the Thysen 
Works in Hamborn. By adding about 15 percent of coolant in. the form of 
roll scale, the temperature of the melt was lowered, and the evaporation 
loss was decreased appreciably. One-third of the coclant was added at the 
beginning and the rest during the blowing. The spiegel hed.a manganese ~— 
content of 7 to 9 percent. The slag with a crumbly nature favorable for. 
separation of the intermediate metal contained 40 to 49 percent Mn and 13 
to 2h percent Fe (entrapped metal included). The manganese loss appeared 
lower on the basis of paler CONE of evolved gases. The metal product was 
duplexed in an cpen hearth. 


- 


9/7 Sonnenchein, A., German Patent 310,552, aan ii; TOIT. See Stahl u.. 
Eisen, vol. 39, 1919, p. 1051. - 

10/ Joseph, T. L., Barrett, E. P., and Wood C, E., Experiments Demonstrate 
Method of Producing Artificial Manganese Ore: Trans. Am, Inst. Min. 
and Met. Eng., vol. 90, 1930, pp. 378-40h; also Stahl u.: Risen, vol, 
30, 1950, pp. 1002-3 

ll/ Bading, We Stahl aha Eisen, vol. 66, 67, 1947 ,° pp. 180-186; and 
Houdremont, E., Stahl u. Eisen, Fol 58, 1938, p. 1195. 
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In later experiments in 1937 at Rheinhausenl2/ , about 2,000 tons of 
spiegel with 0.4 to 1.5 percent Si and 10 to 12 percent Mn were blown. 
The manganese slags containted 38 to 39 percent Mn and 17 to ¢O percent 
Fe (entrapped metal included). Contrary to the first experiments at this 
plant, these melts were cooled with ore in 4 manner similar to that re- 
ported by Herzog. Loss thrcugh manganese evaporation still amcunted to 
about 2O percent, and manganese recovery lay between 63 and 66 percent. 
The residual melt with 0.26 to 1.0 percent C and 1,5 to 1.7 percent Mn 
was used for duplexing in the open hearth. 


Since the slags obtained by Bansen and Herzog from blowing spiegel 
had only two to four times as much Mn as Fe, Bansen tried later, as sug- 
gested in correspondence by Lofquist,13/ to enrich the ratio of Mn:Fe in 
the slag, using sulfides of mnganese in a refining furnace at lower ten- 
peratures 1,350° to 1,410° C. Slegs with 48 to 56 percent Mn, 5.7 to 6.7 
percent Fe, 12 to 17 percent Si0,., and 3 to 9 percent S were cbtained by 
this procedure. The Mn:Fe ratio (9:10) was very favorable. The spiegel 
with 0.3 to 0.9 percent Si and 10.5 to 18.8 percent Mn was reduced to 4 
Mn content of 2,4 to 2.8 percent. A great disadvantage of this working 
method is produced by the high sulfur content of the slag, since the 
sulfur must be roasted off before treatment in the blast furneéce,. 


In comection with this work; Oelsentt/ determined the relation in 
laboratory melts between manganese and phosphorus content of pig iron and 
slag and showed that, by substitution of silica for the sulfur, thin-fluid 
slegs with gocd Mn:Fe ratio could be obtained at low temperatures. Never- 
theless, although it repleces the troublesome sulfur, silica is harmful to 
manganese yield in the blast furnece. | 


During the war, Spiegel was blown on 4@ larger scale at several plants. 
W. Badingl3>/ reported om the rcsults in various plants, in particular the 
August-Thyssen Co. in Hamborn and the Monnesmin-Tube Co. in Huckingen. 
From the individual tests on blowing epiegel, this writer. gives a series of 
compiled tables on phospherus-spicgel production in the blast furnace and 
blowing in the converter, with manganese anzlyeis of product and manganese 
losses, The different Mn and P content of slags at the various plants was 
anolyzed by Bading according to varying temperature and slag condition. 


Therefore, ‘the aim of this work was to study the metallurgical prin- 
ciples of blowing spicegel and draw conclusicns from them. The over-all 
influence of temperature and slag condition on the Mn:Fe and the Mn:P 


12) Beansen, H., Session of United German tngineers of Aug. 3, 1937; and 
Houdremont, E., Stahl u. Eisen, vol. 58, 1938, p. 1195. 

13/ Benedicks,'C.; and Tofquist, H., Nonmetallic Inclusions in Iron and 
Steel: German Patent 652,278, London, 1930, pp. 110-111. 

14/ Mitteilung Kaiser Wilhelm Institute fur Eisenforschung, vol. 21, 1939, 
DP. 79-10 ; also, ¢ , 

Oolsen, Willy, Unterlagen zur Gewinnung manganreicher Schlacken aus 

Splegeleisen und Phosphorspiegeleisen: Stahl u. Eisen, vol. 59, 
1939, PP. 81-87. : . 

15/ Work cited in footnote 11. _ 
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ratics in the slag was given special attention. These two ratios are very 
important in the further use of manganese slags for ferrémanganese preduction. 


In the first melts, it was not possible to measure the tempereture 
during blowing. However, the follcewing tests were made to obtain prelin- 
inary operating information, 


It was apparent, frcm previous experiments, that menganese ‘and carbon 
do not always burn off equally strongly, but that, with change in tempera- 
ture, & change in the oxidation sequence occurs.16/ From deliberetions 
with Oclsen, the follewing effects of melt temperature were calculated. 


On the reaction equation, C + MnO = Mn + CO, the equilibrium constant, 


K, is colculated as, 
K = C | e (MnO pe gad 
Mn/ . CO 


or, since FP.) is taken as © constant, K=/c/, (M0). 


This (Ko mo) value was not eacily measured in the converter; however, 
with the help of other equilibrium ccnstants, the (K, Mno) Value and its 


apace with temperature can be calculated. These calculations are shown 
table 1. geal : So Sous. 


At 1,400° C., fcr acid slags, the calculated value amounts to 76; at 
1,700° C., only about 5. The value of K = {C_/ . (Mn) should accordingly, 
| : I Mn : 
on the basis of its steep temperature coefficient, be a good measure of the 
melt temperature, if this proportionality is valid for the cenverter. 


TABLE 1. - Calculation of equations 


The calculation of equilibrium product C e (MnO is obtained as follows: 
Mn 


(1) Ky = [uy . 100. (2) K=fe]. fo] ana (3) Kz = (Mn0)100 . 
(Feo) | 4 (FeO) /Mn/ 


These combine as follows: 


Pr 


Ko. kK, = ) a 
es £c_/ . (Mn©) = log K, + log K = log K 


3 1° 


Equations for Subdoxide Slags 


(1) log K, = [0 7 2100 = -4260 4 1.790. 
FeO) T | 
if » ® C. G., Zeitschrift Verein deutscher Ingenieure, 1373, p. 305. 
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(2) log Ko = [07 ~ {ec} : -790 -2.182. 
T 


(3) log Kz = (Mn0).100 = +6234 -1.026, 


eum 


(Fe0)./mJ = 


log Ky + logK, - log Ky 


-790  -2.182 + €234 -1.026 + 4260 -1.790, 
T 


omer 


T = 


log Ko mno * Zio -4.998 (for suboxide slags). 


Suboxide slags 


Equations for silicate slags 
log K}.= /0_/.100 = -6080 +2.56, 


(FeO) T 
log Ko © Fog. [o/ = -790 -2.182, 
| : oT 


log K3 = (Mn0).100 = +7940 -1.172, 


(FeO) /Mm/ T 
log K,, + log K, - log K, = log Ey wag = 113220 “5.91. 


Silicate slags 


From these calculated values of the equation Ley. (Mn). 
the desired mass-action relationship of carbon and manganese in the metal can 
te determined for various melt temperatures. For 45 percent Mn in the slag 
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BLOWING TIME, MINUTES 


Figure 3. - Concentration changes of C and Mn 
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BLOWING TIME, MINUTES 


a cold melt. 


Figure 4, - Concentration changes of C and Mn in 
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BLOWING TIME, MINUTES 


Figure 5. - Concentration changes of C and Mn in a very cold melt. 


at 1,400° cw, [C_ ] /(Mn) = rE *1,7. This means that, at thie temperature, 


manganese alone oxidizes, aan the proportion between C and Min. becouse 1.7. 
Accordingly, at & percent C in spiegel and about 12 percent Mn, the manganese 
alone should oxidize to 2.3 percent. Only then shculd the carbon begin to 
oxidize and centinue to oxidize together with manganese (fig. 1, point A). 
Then, if the temperature of the melt stays the same, the concentration change 
of both elements goes along the line A (isotherm for 1,4°0° C.). Since th 
temperature rises because of further C and Mn oxidation , the concentration 
change follows the heavy-erooked line. The final temperature of the melt on 
the figure is taken as 1,500°, The curve BO shows the concentration change 
for the temperature range of 1,500° to 1,700°. The analytical results of a 
hote and cold-operated melt are plotted in figure 1. They follow the theo- 
retical points well, However, -the calculated curves do not shew the true. 
conditions entirely, since the manganese content of the slag is taken to 

be constant. However ot mist depend on the manganese concentration of 

the quotient (Mn) //Mn Mn/ | 


The equation c/. whe ree during the melt until the carbon oxidizes, 


since until this time only the manganese content of the metal changes. After 
the oxidation of the carbon, ‘the equation product drops appreciably. | 


The maximum of the equation prodmct occurs, therefore, ata very defi- 
nite temperature, aoe we co caeeen point of. carbon, 


These paewierions Saat ‘be confirmed, since on leter melts the tem- 
perature wes measured by the method of G. Gille end J. Willems.17/ In figure 
ec, the mass action relationship of carbon and mangancee for different con- 
trolled hot melts is plotted, beginning at a carbon content of 3.5 percent. 
In the cold-controlled melts of 1,430° to 1,450°, the manganese oxidizes 
first, nearly exclusively; and enly at a very small values of [Mn/ /(Mn) 
does the oxidation of carbon set in. An essentially different path is 
followed by the melt at 1,620°, Carbon oxidation begins very early, and, 
consequently, Mn and C oxidize together. 


Figures 3 to 5 show the reaction rates of three melts at different melt 
temperatures, to show the strong influence of temperature on the oxidation 
Brocess. In the melt with the smallest cooling agent addition (fig..3), 
manganese only oxidizes first, but the oxidation of carbon begins at fairly 
high manganese content, and then the two elements oxidize together. In the 
colder-contrclled melt, @ larger part of the manganese is slagged before the 
carbon oxidation sets in (fig. 4), and this is especially evident in very 
cold controlled melts (fig. 5). Before the oxidation of carbon begins, the 
equation product {C_/ .(Mn) rises in proportion to the delay period and 


then drops again, ‘Only beyond the maximum point can equilibrium be approached; 


17/ Gille, von Gerhard, and Willems, Jacob, Temperatur und Flammenmessung 


beim Windfrischverfahren: Stahl u. Eisen, vol. 69, 1949, pp. 759-762. 
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then the reciprocal action between carbon and manganese begins, Below 0,3 

percent C and 1.0 percent Mn the equation product cannot be determined 

. exactly, since small analytical errors in this range can lead to erroneous 
conclusions on the effect of temperature. The melt temperature can be 

measured on @ number of melts during the oxidation, allowing the temperature 

coefficient of the Ko (Mn) product to be determined (fig. 6). 


At around 1,550° to 1,700°, the equation product for pasty-crumbly and 
fluid slags agrees well with the theoretical value for silica-saturated 
slags; at lower temperatures, however, strong variation between the value 
for pasty-crumbly slags and the theoretical calculated value for silica- 
saturated slags appears. On the cther hand, the value for fluid slags 
agrees also at the lower temperatures. Equilibrium methods fail, especially 
for pasty slags. Under fluid lime-bearing slags the product is much smaller, 
ste) that the calculated equilibrium for puponss slegs is very nearly approached 


A similar relation to that between re Cc / and Mn) also should be expected 
be tween [c_ 7 ana (Fe) (fig. 7). The product Ce -(Fe) for [Fe / = 100 pr- 
cent become smaller with rising temperature. The experimental data show this 
with appreciable scatter. These data however, lie for the silica-saturated, 
pasty-crumbly slags, considerably above the calculated values for silica- 
saturated slags. The iron content in the converter appears too high, so that 
the first oxidation product or the added ore in pasty-crumbly slags must be 
only partly reduced, 


Whereas the Ko Mn value, accordingly, can be employed in spite of devia- 
tions from the calculated ieoraae, as an approximate measure of temperature, 
this is not possible with the [c]/ c /.(Fe) product because of the larger scatter. 


Another reaction constant that results from the slagging of iron and 
manganese is the Ky, value. The amount of Kyn value should be prcportional 
to the melt temperature and the basicity of the slag. The relation of Ky, 
value to temperature and basicity conforms to figure 8. The values for 
a ny dcughy slags lie between the values given by Korber and 
Oe lsenl8/ for silica-saturated and subexide slags. High lime-content slags 
lie near the equilibrium curve for suboxide slags. 


Since the temperature of the melt during the refining rises steadily, 
the Ky, value during the process should decline to agree with the cquilibrim 
of the process. This requirement however, is obtained first with less than 
1 percent Mn in the metal, At higher Mn contents, the Kvn values rise during 
the smelting process. This means that at higher Mn ccntent 4& greater varia- 
ticn from equilibrium prevails, The iron content of the slags lies too high 
and the Mn:Fe ratio too low (fig. 9). These unfavorable iron contents are 
Jargely limited by the slag condition, with the slag condition at high manga- 
nese contents largely limited by the content cf silica and lime, The higher 


18/ Mitteilungen aus den Kaiser Wilhelm-Inetitut fur Eisenforschung, vol. 
14, 1932, p. 181. 
Korber, Friedrich, Untersuchunger uber das Verhalten des Mangans bei der 
Stahlerzeugung: Stahl u. Eisen, vol., 52, 1932, pp. 133-144. 
Mitteilunger aus den Kaiser Wilhe Im Institut fur Eisenforschung, vol. 15, 
1933, p. 281. 
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Figure 10. - Relationship of Mn:Fe ratio with slag composition and basicity. 
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Figure 11. - Mn:Fe ratio in relation to monganese content of metal and slag composition. 
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Figure 12. - Relationship of Mn:Fe ratio to temperature and manganese content in pasty-silicate slags. 
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Figure 13, - lron content of melts at different temperature and manganese content of metal 
for pasty-crumbly and fluid slags. 
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Figure 14, - Mn and Fe slagging in hot melt. 
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Figure 15, - Mn and Fe slagging in cold melt. 


aa 
* 


PERCENT 


0 2 it 


PERCENT 


NG L [Mn] Final temperature 1,475°C. See 

BNEREREREPAERS 

PT MT Tt tT | ye | | 

Cy fer rer 4-of —F to || 

eee 

Ee S27 RRS 
4 ie 


"sete TIME, schiciies 


Figure 16. - Mn and Fe slagging in a very cold melt with doughy-crumbly slags. 
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Figure 17. - Fe and Mn slagging in a melt very drastically cooled with ore having a fluid slag. 
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the silica content of the slag, the more fluid it is and the better is the 
Mn:Fe ratio in the slag (fig. 10)... 


At the same slag composition, eeeerdirg: to the investigation of W. 
Oelsen, a better (meaning higher) Mn:Fe ratio is to be expected for silica- 
rich slags than with oxide or basic slags. High basicity and crumbly sleg ~ 
permits only low ratios of Mn:Fe to be attained, while acid or fluid slags 
give appreciably better values (fig. 11). Under basic slags the best value 
of the Mn:Fe ratio is not likely to.be over 5. Under 1 percent Mn a sharp 
drop of the ratio is to be expected because of the now etrong noon eee 
action. 7 


The influence of temperature upon the Mn and Fe slagging is twofold 
(fig. 12). At high Mn content, higher-temperature affects the degree of 
fluidity of the slag and, at the same time, favors the reduction of a larger. 
part of the FeO that is introduced by additions of ore or roll scale. This 
tends toward.a favorable Mn:Fe ratio in the slag. At lower temperature, 
primary-formed (or from ore addition sources) FeO is reduced only partly, 
or not et all, since the FeO is prevented from reacting in further stages 
of the refining with solid MnO (solidification of slag at lower temperature 
and higher Mn content). At lower Mn contents (from 2 percent down), on the 
contrary, the higher temperature of the melt causes a rise in FeO content 
in the slag (fig. 13).. This earlier increase in iron content at higher 
temperature is responsible for a strongly wmfevorable effect on the Mn:Fe 
ratio tcward the end of the blowing. The essentially later appearance of 
strong iron slagging at lower temperatures proceeds with lower Mn content 
of the metal to a more rapid fall in the Mn:Fe ratio. The plotted ratios 
hold, however, only for pasty slags or those that, in the course of the 
refining, are pasty or crumbly instead of for fluid slags. In the fluid 
slags the Fe contents, except through addition of ore, are very low and 
permit favorable Mn:Fe ratios, 


The fact that, opposite to expectations, the melts at higher tempera- 
tures, with high manganese content, gave a more favorable Mn:Fe ratio than 
melts at lower temperatures, can be attributed definitely to the higher 
degree of fluidity of these slags and their better reducipility (assuming 
similar silica contents). (Figs. 14 to 17.) 


As saniy as the second minute of blowing the hotter melts show an iron 
content of only 3.5 percent, in spite of additions of roll scale. The iron. 
content remains low until the end and results in a favorable Mn:Fe ratio. 
The first-formed slag contains little CaO, but has a Si0> content of over 
20 percent. The slag was fluid from the start eae went ere cne sey: over into 
a doughy condition (fig. 14). | 


In the colder melts (figs. 15 and 16), the SiO, content was lower. 
Because of this lower Si05 content and lower temperature from the start the 
slag was only partly fluid. For this reason, the iron content was high | 
from the start and did not drop below 10 percent during the blowing. 
Therefore, the Mn:Fe ratio was more favorable with me hot melt than by 
either cold one. 
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In silicaerich fluid slags, even at lower temperatures, the iron con- 
tent is decidedly lower in the slag and more favoreble Mn:Fe ratios are 
attained (fig. 17). Although with large additions of oxide coolants the 
iron oxide was only slowly reduced, the slag showed a very high ratio of 
Mn:Fe at low manganese content in spite of: the lower temperature of only 
1,400° C. The slow lowering of the-iron content of the slag at the be- 
ginning 2 caused by = slow: solution of the ore additions. 


Bloving of Phosphor-Spiogeleteén 


By blowing phosphorus-rich ae iron, the same process of slagging of 
iron and manganese occurs as for low-phosphorus pig iron. However, because 
of the high phosphorus content of the crude iron, the danger persiste, thet 
the slag will absorb too high a content of P40, and no longer be useful for 
the preparation of low-phosphorus ferrauansene e. Herzogl9/ hes: commented 
on this difficulty. In 1937, Herzog blew a high-phosphorue spiegel and. 
prepared a slag with 53 to 56 percent Mn and 0.23 to 0.38 percent P (not 
including entrapped metal), The metal could not be blown under 1.2 to 1.4 
percent manganese and 0.11 percént C, otherwise the phosphorus content of 
the slag would rise rapidly. Herzog "Pound a neutral sane fevorable to 
blow phos pheruscbeching spiegel. ; 


During the war, the August Thyssen Works blew over. 3,000 tons of 
pice tor The prea PEesee* data were reported by Eichholz, Kootz, 
and Oelsen.£0 


Bading, in his comprehensive en nanan ted on the technical 
operational results of this and his own researches. Later the August Thyssen 
Works research on high pe iron at lower Me eee oe and under fluid 
slags was carried out.ce/ 


The evaluation of the complete process on nighethoswierue spiegel irons 
indicated that the phcsphorus content cf the slag was strongly influenced by 
both the mAnganese content of the intermediate metal and the melt temperature 
(fig. 18). Lower melt temperatures cause higher phosphorus ccntent of the 
slag at the same mangane 86 content cf. the intermediate metal. A manganese 
content higher than 2 percent in the intermediate metal has no effect on 
the phosphorus content of the slag. On the cther hand, & small change in 
manganese content of the intermediate metal ‘below 1 percent causes a strong 
slagging of phosphorus. The slag condition (pasty-crumbly or fluid) has 
the fcllowing effect: Fluid slags at the same temperature had lower phcos- 
phorus content than pasty or crumbly slegs. An effect of converter lining 
(magnesite, Mangal, dolomite) upon the phosphorus slagging was not detected 
in this research, The use of scrap cr ore 4s &@ cooling agent had nc apparent 
19/ Unpublished. (See Oelsen, W., Unterlagen zur Gewinnung monganrcicher 

Schlacken aus . Spiegeleisen und papaporeprce: earn: Stehl u. Eisen, 
- vol. a 1939, p. 8h). 
20/ Bading, W., Bericht Unterausschutd Themasbotrest VIEH, article 3, 
June 3,°1942, p. 183. 
21/ See footnote 11. | ? _ 
22/ Willems, J., and Hof ges, H., Report of ea ideaied Division of August 
Thyssen Works: 1944 (unpud.). 
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Figure 18. - Bors eons content of slags in relation to manganese content in metal 
ferent temperatures and different slag compositions. 
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Figure 19. - Phosphorus content of slags at 1% [Mn] in metal in relation to temperature. 
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Figure 20. - Phosphorus content of slags in relation to iron content of the slag at 1.5 to 5% Mn in the metal. 
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Figure 21. - Phosphorus slagging by blowing phosphorus-spiegel at various plants. 
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influence on the phosphorus content of the slag. The temperature dependence 
of the phosphorus slagging is great (fig. 19). Besides, a relationship 
exists between the iron and phosphorus content of the slag, which holds for 
fluid and probably for doughy-crumbly slags, that my be attributed to a 
chemical compound of iron and phospherus (fig. 20). 


Technical Results 
Table 2 summarizes available data on blowing manganiferous pig iron, 


Refining of hot metal for steel melting in the premixer or converter is 
based fundamentally on the same metallurgical laws as the blowing of spieégel. 
Accordingly, @ manganese slag with good Mn:Fe ratio can be obtained only if 
no lime is added and the intermediate metal is not refined under 1 percent 
manganese. If the melt is finally blown to steel or duplex metal without 
slagging off, however, the resulting manganese slags are unsuited for pre- 
paring ferromanganese. They may, however, without additional manganese 
material, be charged into the blast furnace for Thomas or basic steel 
production. 


Blowing phosphorus spiegel is not a difficult operation, since the 
intermediate metal produced, because of ite phosphorus content, can be 
finish blown without additions to steel in a second converter, cr it can 
be reduced in a mixer. The high-phosphorus intermediate metal thereby 
reises the manganese content of Thomas pig iron, whereas the silicon con- 
tent is lowered. Compared to blowing low-phosphorus spiegel varieties, 
the phosphorus ccntent cf the metal makes a higher temperature reserve 
unnecessary. 


To obtain the lowest phosphorus content in the slag, which is desired 
for the preparation of low-phosphorus varieties of ferromanganese, there are 
two possibilities. These are: Cperating at a temperature cf 1,350° to 
1,450° C, with a fluid manganese silicate slag (proposed by Oelsen) or at 
temperatures of 1,550° to 1,650° C. with @ pasty-crumbly manganous oxide 
slag. Comperison of these different methods of production is possible if 
the ratio of phosphorus in the slag and phosphorus in the metal toc the man- 
ganese content of the intermediate metal is calculated. The mcost-favorable 
results can be attained with fluid or pasty-fluid slags (fig. 21). 


Phosphorus spiegel was blown with fluid manganese silicate slags at low 
temperatures in Kladno with a crude iron with 6.7 percent Mn, 1.7 percent Si, 
and 3.6 percent to 4.2 percent P. In Hamborn, a epicgel was blown with 4.5 
to 8 percent Mn, 0.7 to 1.7 percent Si, and 1.5 te 1.9 percent P. 


By working with a fluid manganese slag, the propertion of Mn:Si in the 
pig iron must be held in the limits of 2.5 to 4.5, in order to reach the 
requisite silica content of 25 to 35 percent in the slag (fig. 22). If the 
Silicon content of the pig iron is lower in order to obtain the required ratio, 
additions of silica-bearing cooling agents make a fluid clag cbhtainable. If 
the siliccn ccntent is too high, a sleg of the desired compcsition is obtained 
by raising the manganese content in the pig ircn. 
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To slag the manganese at 1,350° to 1,450° C., drastic cooling is 
necessary. With manganese content in the pig iron under 6 percent, phoes- 
phorus spiegel and, at higher manganese contents, oxide- or silica-bearing 
ores may be applied as cocling agents. The cooling material charge, which 
is placed in the converter at the beginning, varies between 10 and 15 per- 
cent. With this strong cooling, the manganese was largely slagged before 
cxidation of the carbon. 


The blewing times then of 3 tc 5 minutes were very short. Dissolving 
and reducticn of cre was largely incemplete in this timc, However, in order 
tc maintain slags with a lower phcsphcrus and iron ccntents, metal and slag _ 
with additi-ns of fluorspar were emptied tcgether into a cast-ircn pan. 
After withdrawing the thin-fluid manganese silicate slags, the carbcn- and 
phcsphorus-bearing intermediate metal was treated in the mixer. When pre- 
paring high-manganese slags from low-phosphorus pig irens, the phosphcrus 
ccntent cf the slag requires hardly any attenticn, since it is low enough. 
Preparation of manganese silicate slags produced no essential advantage but 
were & great disadvantage in the later smelting cf ferromngenese. The pre- 
cedure is determined by the treatment the blown intermediate metal will 
receive, The first possibility, treating the remaining low-phosphorus metal 
with spiegel at lower temperatures in the mixer changes the silicon and phos- 
phorus content of Themas pig iron, so that it is difficult to blow in pro- 
ducing steel. This is especially true when the amounte of blown spiegel and 
of Thomes pig iron are nearly equal. 


- The second pessibility, ‘that the remaining ircn be blown to steel in a 
second converter or that the very hct intermediate iron be duplexed in the 
pee ia furnace ( open hearth) , requires temperatures of 1,650° to 

1,720° c. | | 
? : : 


In the process of blowing spiegel in Hamborn, this possibility was tested. 
In the first tests, the intermediate metal at a temperature of 1,530° C. was 
treated in the mixer, whereas during leter blows the intermediate metal at an 
average of 1,640° was finished blown to steel, and at 1,710° mainly to duplex 
metal te the. open hearth, 


The temperature rise of a spiegel melt during smelting differs, thereby, 
fundamentally from a Thomas (basic Bessemer) melt (fig, 23), The main rise 
follows, in case no large cooling material additions are used, right at the 
start, while toward the end of the melt no more appreciable increase eccurs; 
the main rise in a Thomas melt, ensues after carbon removal. The influence 
of the amount of cocling material upon the temperature of the process and 
the final temperature of the melt: is distinctly noticeable, 


Through the various changes of temperature during the cbsérved heats, 
it was found that the manganese loss, probably through vaporization of MnO, 
is influenced strongly by temperature (fig. 24). Whereas, under 1,500° C., 
losses are difficult to’ detect, they amount to about 20 percent at 1,700°, 


An important hint to the method of manganese vaporization, is given by 
the limestone-ccoled melts. It: appears that the. melts Ae stiff and sclia 
slags, in spite of the high temperatures, around 1,720°, smoked less than 
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melts without added lime. The appearance of the well-known yellow smoke over 
1,500° is strongly influenced by the degree of Fluidity of the slag. 


The utility of the manganese slag produced for preparing ferromanganese 
is distinguished by the ratio Mn:Fe (ges) (entrapped metal granules) in the 
slag. Only the manganese silicate slags and the pasty crumbly slags that 
have been processed by magnetic separation are suitable for the requirements 
cf a manganese ore to produce a high-grade ferromanganese (fig. 25). If one 
believes, however, that the manganese silicate slags, because of their high 
silica content, will give only @ poor manganese recovery on smelting in the 
blast furnace, then only the pasty-crumbly slags given the magnetic separa- 
tion have the required quality. From the slags with a Mn:Fe ratio of 2:4, 
at best, only 50 percent ferromanganese can be prepared. 


The converter stability on blowing spiegel did not differ with the pro- 
cedure followed. Blowing spiegel at lower temperatures (1,400° to 1,500° C.) 
with pasty slags is not unfavorable tc converter stability. At the mouth | 
@ thicker deposit forms. At higher temperatures of 1,650° to 1,700° C., 
there was apparently no greater determinable effect on refractories than 
with Thomas melts, providing the slag was pasty-crumbly. If, however, it 
were very far overblown, so that the slag was very high in iron and fluid, 
then a strong erosion started on the sides (flanken). 


When blowing phosphorus-spiegel, part of the time the intermediate mtal 
was finish blown to steel in the same converter. In this case, the final 
blowing also produced fluid slags with 25 percent Mn and 30 percent Fe, which 
atrongly eroded the side lining of the converter. By finishing the blowing 
of the intermediate metal to stecl or duplexing metal in a second converter, - 
the attack could be decreased, since the melt could be stopped at 0.06 to 
0.09 percent P, before the slag was thin. With this procedure, from the 
preliminary chemical sample to tap sample, there was no reversion of phos- 
phorus, but a phosphorus drop was observed between the two metal samples. 


- CONCLUSICNS 


No single procedure for blowing spiegel can be designated as the most 
applicable process. The operational procedure to be eclected depends om the 
kind of crude metal (high or low phosphorus) and the disposition of the re- 
sultent mctel (return to the mixer or finish blown to steel or duplex metel). 


When blowing high-phosphorus manganese-iron alloys to attain a low phos- 
phorus content in the slag product, it is desirable to produce a fluid high 
silica slag, because under such conditions the iron and phosphorus contents 
of sleg are low, and the entrapped metal content of the slag rarely is higher 
than 5 percent. The Mn:Si ratio in the crude metal generally is within the 
range 2.5:4, The temperature is maintained at approximately 1,400 C. and 
blowing is continued only to the beginning of carbon oxidetion, For cocl- 
ante, 10 to 15 percent ore, roll scale, or phosphor spiegel may be added at 
the start of blowing. If entrapped metal is to be sepnrated magnetically 
it is preferable to work toward pasty or crumbly slags during the oxideticn 
of manganese, Under such ccnditions, the operating temperature must exceed 
1,600° C, to maintain the required low phosphorus content in the slag. 
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On the other hand, it is not desirable to operate with high-silica 
fluid slags on blowing low-phosphorus spiegel, since the phosphorus content 
of the slag usually is low enough and a high silica content is undesirable 
because of its adverse effect on manganese recovery in the blast-furnace. 
The most favorable crude-meteal composition lies in the range 0.3 to 1.0 
percent Si and 6 to 12 percent Mn. In this range, pasty or crumbly slags 
are to be expected. If the blown metal is to be diverted to the mixer, a 
temperature of 1,500° C. should be aimed for. When the bath is to be blown 
to finished steel or duplexed, temperatures must be brought to the 1,650° 
to 1,700° C. The treated metal must not be blown to lower than 1.5 to 2 
percent Mn, otherwise the iron content of the sleg would be too high with 
consequent unfavorable Mn:Fe ratio. Ore and scrap are satisfactory cooling 
materials. Although there is very little vaporization loss during blowing 
splegel at the lower temperatures, there may be as much as 20 percent loss 
in weight at high temperatures, Addition of lime adversely affects the 
slagging of manganese and the Mn:Fe ratio in the slag. When crumbly slags 
are produced, the entrapped metal must be removed by magnetic separation 
in order to produce a standard grade of ferromanganese from the high- 
manganese slag product. 
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